Improvement in quality of life (QoL) is a primary treatment goal for patients with peripheral arterial disease (PAD). The current study aimed to quantify improvement in the health status of PAD patients following peripheral revascularization using the peripheral artery questionnaire (PAQ) and ankle-brachial index (ABI), and to evaluate possible correlation between the two methods. The PAQ and ABI were assessed in 149 symptomatic PAD patients before, and three months after peripheral revascularization.
Introduction
Patients with peripheral arterial disease (PAD) have greater functional impairment and faster rates of functional decline than the healthy population [1] . PAD prevalence dramatically increases with age, and most patients with PAD have one or more cardiovascular disease risk factors that should be targeted for therapy [2] . The selection of optimal medical therapy and ultimately revascularization procedure depends on quantifying PAD patients' health status, since these interventions are primarily intended to improve symptoms, functional status, and quality of life (QoL) [3] . The ankle-brachial index (ABI) has been used as a sensitive, valuable, and cost-effective outcome measure and screening tool for PAD. However, recent publications have suggested that ABI measured by pulse palpation or automatic blood pressure devices is unreliable and correlates poorly with changes in health status scores [4] . Currently, the rates of lower extremity revascularization and related medical costs are increasing and the application of direct, patient-centered outcome assessments is necessary to quantify treatment success. The Peripheral Artery Questionnaire (PAQ) was developed to measure the health status of PAD patients based on their symptoms, functional status, and QoL [5] . We have previously translated and validated a Korean version of the PAQ in Korean PAD patients and demonstrated that PAQ scores strongly correlate with ABI [6, 7] . Thus, screening programs using the PAQ in conjunction with ABI may improve the ability to detect PAD patients when assessing individuals with suspicious lower-limb symptoms. However, few studies have investigated the correlation between patient-reported symptoms and ABI following peripheral revascularization as a means to assess treatment outcomes. The aim of this study was to quantify improvement in the health status of symptomatic PAD patients undergoing peripheral revascularization via ABI and PAQ, and to investigate whether patient-reported symptom outcomes correlated with medically measured outcomes.
Results
One hundred and forty-nine PAD patients undergoing peripheral revascularization were recruited to this study. The mean age of the population was 70 ± 10 years, and 84% (n = 125) were men. Almost half (46%) were active or past smokers, 64% were hypertensive, 62% had dyslipidemia, and 39% were diabetic. One hundred patients underwent endovascular revascularlization. This included percutaneous transluminal angioplasty (PTA) alone of the superficial femoral and/or popliteal artery (n = 25), stent insertion in the iliac artery (n = 26)/superficial femoral artery (n = 6)/popliteal artery (n = 5), stent insertion with PTA of the superficial femoral and/or popliteal artery (n = 25), and PTA of the superficial femoral and/or popliteal artery (n = 13). Forty-nine patients underwent bypass surgery including aorto-iliac bypass (n = 3), ilio-femoral bypass (n = 3), femoro-femoral bypass (n = 18), and above knee femoro-popliteal bypass (n = 20), and below knee femoro-popliteal bypass (n = 5). No complications such as procedure-related death, all-cause death, major target limb amputation, and target vessel thrombosis were observed within 30 days after lower limb revascularization. Three patients developed an access-site hematoma. The baseline characteristics of enrolled patients and comparisons between percutaneous and surgical revascularization are shown in Table 1 . Values are expressed as means ± SD. PAD: peripheral artery disease; BP: blood pressure; LDL: low density lipoprotein; HDL: high density lipoprotein.
Post-Revascularization Outcome Assessments
Post-revascularization ABI of the treated limb was significantly improved compared to baseline ( Table 2 ). Mean PAQ summary scores also improved significantly after revascularization (p < 0.001). All six PAQ domains improved ( Table 2 ). The greatest post-revascularization improvement was observed in the symptoms category, whereas the smallest increase was seen in the treatment satisfaction domain. Values are expressed as means ± SD. ABI: ankle brachial index; PAQ: peripheral artery questionnaire.
Baseline ABI of the affected limb was higher in the patients undergoing endovascular treatment compared to those having open surgery; however, post-revascularization increases in ABI were comparable between the groups. Patients receiving endovascular treatment reported a more significant increase within the social limitation domain of the PAQ than those undergoing open surgery (p = 0.037). No post-surgical differences were observed between the groups in the other PAQ domains, or PAQ summary score ( Table 3 ).
Correlation between PAQ Score and ABI
Post-surgical scores for all PAQ domains, except for symptom stability, were significantly correlated with the post-revascularization ABI of the treated limb, as shown in Table 4 . In contrast, the changes in scores from before and after revascularization were not as strongly associated with post-procedure ABIs. The change in summary score (r = 0.243, p = 0.029, Figure 1A ), change in physical function (r = 0.326, p = 0.003, Figure 1B ) and change in QoL (r = 0.220, p = 0.048, Figure 1C ) domains showed modest correlation to the change in ABI. No significant correlation between change in symptom (r = 0.185, p = 0.098), change in symptom stability (r = −0.102, p = 0.363), change in treatment satisfaction (r = 0.208, p = 0.063) and change in social limitation (r = 0.046, p = 0.683) with change in ABI were observed. 
Differences in PAQ Scores in Patients Who Did or Did not Respond to Revascularization
Patients were then reclassified as those who responded poorly to revascularization (post-surgical increase in ABI of the treated limb <0.15), and those who responded well (increase in ABI > 0.15). Using these criteria, 33 (22%) of patients responded poorly to revascularization. Demographic characteristics of good-and poor-responders are shown in Supplementary Table S1 . Post-revascularization PAQ summary score was higher in the good-responder group (Table 5, Figure 2 ). Although the post-revascularization changes in PAQ scores were lower in non-responders, they were only significantly different for the treatment satisfaction domain (Table 5 ). Values are expressed as means ± SD. ABI: ankle brachial index; PAQ: peripheral artery questionnaire.
Figure 2.
After revascularization, peripheral artery questionnaire summary scores were higher in the responder group; however, the scores from the baseline were not significantly different between the groups.
Discussion
In this descriptive study, we found that both ABI and PAQ showed significant improvement following revascularization therapy regardless of the surgical method. The average post-revascularization changes were 0.31 in ABI of the symptomatic limb and 49.3 points in the PAQ summary score. Comparisons between different methods of revascularization showed similar changes in ABI and PAQ summary scores, but social limitation was less compromised after endovascular revascularization. The PAQ summary score was well-correlated with ABI, and the physical function domain showed the strongest correlation.
PAD is a chronic arterial occlusive disease of the lower extremities caused by atherosclerosis. Previous studies reported a prevalence of PAD-related symptoms (mainly intermittent claudication) ranging from 5.3% to 18.9% among the elderly population [8] . This low prevalence was attributed to elderly people not walking enough to experience symptoms, either because of impaired vascularization in the extremities or other disorders such as osteoarthritis. There is little correlation between clinical parameters of vascular disease, such as ABI, and the patient's self-reported level of disability [9] . In fact, ABI is considered most beneficial in identifying asymptomatic individuals, rather than those with symptomatic disease being considered for intervention [3] . Another study found that most atherosclerotic events occurred in symptomatic patients with ABI < 0.9 [10, 11] .
Outcome assessments of revascularization therapy that focus on anatomic end points, such as degree of lumen narrowing and restenosis, are surrogate end points that effectively assess the physiologic impact of lower limb atherothrombosis and its treatment. These measures do not adequately describe the impact of the disease from the patients' perspective or the benefits or adverse effects of treatment on QoL. In studies of PAD patients not receiving revascularization, ABI, a measure integrating the impact of all stenoses in a limb, is poorly associated with function [12, 13] . So far, the relationship of restenosis or occlusion to symptoms and function after revascularization is poorly studied and likely to vary between individuals. Traditionally, patient-reported symptom measures and objective functional performance have been included as clinical trial end points [14] [15] [16] [17] [18] [19] . Among the instruments for the assessment of patients' symptoms, previous studies suggest that the PAQ is more sensitive to changes in patients' health status than generic instruments, such as the EuroQol 5 Dimensions (EQ5D) [14] , the health associated questionnaire (HAQ) [6] , and EuroQol-Visual Analogue Scale (EQ VAS) [15] . According to our previous study, the reliability of the Korean version of PAQ was adequate with an intra-class correlation coefficient of 0.71, and Cronbach's alpha for the summary score was 0.94, indicating good internal consistency and congruence with the original English version [6] . Recent trials have also assessed intermittent claudication-related symptoms and functional impairment using the Walking Impairment Questionnaire (WIQ) and PAQ [16] . Compared to the WIQ, which mainly focuses on the patient's walking distance and ability, the PAQ assesses a broader range of domains, including PAD-related physical limitation, symptoms, quality of life, social function and treatment satisfaction. The clinical validity of the PAQ proved to be good in the discrimination of patients with or without symptomatic PAD and its severity as defined by walking distance [15] . Moreover, PAQ subscales were correlated with the risk factors relevant for PAD [15] , and we have previously shown that the PAQ might increase the pre-test probability of ABI screening among patients with suspicious symptoms [7] . This study extends this prior work by demonstrating that the improvement in disease-specific PAQ is significantly associated with changes in ABI after revascularization.
Since the patients' main concerns are symptom relief and improvement in daily functioning, revascularization treatment should be assessed for its success in improving patient health status [20] [21] [22] [23] [24] [25] . Although ABI is known to correlate poorly with changes in health status scores [3] , ABI is currently one of the most widely used tools for evaluation of peripheral revascularization. However, in patients with intermittent claudication, there is no evidence that endovascular therapy alone provides improved outcome over supervised exercise alone based on the improvement of ABI and treadmill walking [24] . Recently, six-month disease-specific QoL results in the Claudication: Exercise versus Endoluminal Revascularization (CLEVER) study showed that maximal treadmill walking time showed good correlation between self-reported symptom improvement in patients treated with stent revascularization, but not in patients with supervised exercise [25] . This finding indicates that traditional objective treadmill test outcomes may not correlate well with symptom relief in patients with claudication.
Considering the limited use of quality of life tools to assess outcomes in clinical practice, and the need for more patient-centered assessments of the effects of treatment, we believe the disease-specific PAQ to be the preferred choice or studying outcomes in PAD patients. However, comparison between ABI and PAQ was needed to prove clinical efficacy of PAQ-based outcome assessments after revascularization in patients with intermittent claudication. The current study firstly demonstrated that revascularization treatment resulted in significant improvements in both ABI and subjective QoL outcomes assessed by PAQ. Secondly, data show that the PAQ summary score was well-correlated with ABI in PAD patients. Changes in ABI and summary score of PAQs were similar between endovascular treatment and bypass surgery, but the improvement of social limitation was significantly higher in patients with endovascular treatment, which, if replicated, could be a benefit of endovascular treatment as compared with open surgery.
The benefits of revascularization in patients with PAD may be closely tied to improvements in the ABI after revascularization [26] . In the current study, ~22% of patients showed a poor response to revascularization evidenced by an increase <0.15 units in ABI within the treated limb three months after surgery. Nevertheless, these "non-responders" experienced significant improvements in their health status, although not as much as the responder group. This suggests that the technical success of the operation measured by ABI failed to capture the benefits experienced by patients. Thus, the ABI change has a complementary, but not a superior, role to the PAQ in patient outcome assessment after revascularization. Conversely, a previous study showed that despite a technically successful procedure in 98% of patients, 21% of patients did not achieve the minimal clinically important improvement of an eight-point change in PAQ summary score after revascularization [14] . The reasons for the discrepancies between improvement in ABI and PAQ in the current study are unclear.
There are several limitations of the present study. First, this is an observational study with relatively few subjects. Compared to clinical trials, however, our study comprises a rather heterogeneous population and is more representative of daily clinical practice. Second, the interval between revascularization therapy and the post-revascularization assessment of treatment was relatively short. To understand whether restenosis or disease progression affect PAQ scores will require further study. Because over 80% of participants in our study were male, the current results may not be generalizable to the correlation of ABI and PAQ in women. Finally, results of treadmill tests or other objective measures of patient symptoms like the WIQ, intermittent claudication questionnaire (ICQ), EQ-5D, PAD Quality of Life Questionnaire (PADQOL) and Vascular Quality of Life Questionnaire (VascuQoL) were not examined in the current study. No Korean versions of these questionnaires are currently available. Further large, prospective studies should be conducted to ascertain the correlation of PAQ and other objective measures of patient symptoms in Korean patients.
Experimental Section

Participants and Selection Criteria
Between January 2009 and August 2012, 218 consecutive patients underwent peripheral revascularization for symptomatic PAD. To be eligible for this study, PAD participants must have been diagnosed with PAD in one of the noninvasive vascular laboratories and have an ABI ≤ 0.90 at their baseline study visit. Patients were excluded if they were below 18 years of age, refused revascularization therapy, had a history of thoracic or brain surgery, or had comorbidities such as cancer or a life-threatening illness. Among the 218 patients who underwent revascularization, 25 were excluded due to these criteria, 30 patients did not complete pre-or post-revascularization PAQ, and 14 refused to provide written informed consent. Thus, a total of 149 patients were enrolled and completed a pre-and post-revascularization PAQ, as well as post-revascularization ABI. The study protocol was approved by the Institutional Review Boards of Pusan National University Yangsan Hospital, (IRB no; 04-2011-034) and all patients provided written informed consent. Characteristics of study subjects including demographics, established cardiovascular risk factors (smoking, type 2 diabetes mellitus (DM), hypertension, or dyslipidemia, as defined by the TASC II report), family history, past medical history, history of atherothrombotic events, medications in the last six months (including anti-hypertensives, anti-diabetics, lipid-lowering drugs, and antithrombotic agents), and smoking status were obtained using a standard questionnaire. Blood pressure, heart rate, body weight, height, body mass index (BMI), waist circumference, and physical examination findings specific to PAD (absence of pedal pulses, arterial bruits, and trophic changes of the foot) were also recorded. The revascularization strategy was decided at the surgeon's discretion. Surgical revascularization was performed using standard techniques, such as aorto-iliac bypass, ilio-femoral bypass, femoro-femoral bypass, and femoro-popliteal bypass. Femoro-popliteal bypass was performed using autologous greater saphenous vein grafts, and the extent of revascularization was left to the discretion of the surgeon. Peripheral endovascular revascularization was performed using various interventional devices, including stents. The extent of the intervention and choice of equipment were also at the discretion of the operating surgeon. Either open or endovascular revascularization was selected by consensus between the vascular surgeon and interventionist using the TASC II classification [27] .
Questionnaires Administered
Patient-reported symptom outcomes were measured by the translated Korean version of the PAQ [6] , a disease-specific instrument for assessing health status in patients with PAD [5, 6] . The PAQ is a self-administered, 20-item health status measure for patients with PAD. Scores are separated into six domains, including physical limitation (the degree to which PAD limits the patient's routine activities), symptoms (frequency and discomfort of intermittent claudication and the frequency of rest pain), symptom stability (recent improvement or deterioration in patient symptoms), treatment satisfaction (patient satisfaction with current treatment), social functioning (limitations in patients' ability to interact with others), and QoL (personal evaluation that reflects the patient's current symptoms and limitations as compared with their desired level of functioning). A summary score is calculated as the average of the physical limitation, symptoms, QoL, and social functioning scores. Scores range from 0 to 100, where higher scores indicate less functional limitation, fewer symptoms, better treatment satisfaction, higher social functioning, and better QoL. A symptom stability score of 50 represents no change over the preceding four weeks, whereas scores above or below 50 represent recent improvement or worsening of symptoms, respectively. The pre-revascularization PAQ inquired about symptoms attributable to PAD over the four weeks before revascularization, and the post-revascularization PAQ was administered three months after revascularization therapy. The changes in PAQ scores were calculated by subtracting pre-revascularization PAQ scores from the post-revascularization PAQ scores.
Measurement of Ankle Brachial Index
ABI was measured in all patients using an automatic waveform analyzer (VP-1000; Colin Co., Komaki, Japan) in a quiet room, with the patient supine for at least five minutes before measurement. The VP-1000 simultaneously recorded pulse waves, blood pressure (BP) in both arms and ankle, and electrocardiography. The ABI was then calculated as the ratio of the ankle systolic BP divided by the ipsilateral arm systolic BP, using the lower value of the ankle systolic BP for the calculation. The treated leg ABI was used for analysis. An increase in ABI of ≥0.15 in the revascularized leg at three months after surgery was considered a clinically meaningful ABI improvement as previously described [26] . If a participant underwent bilateral revascularization, the leg with the lowest ABI before revascularization was considered in the analysis as the lowest leg ABI most closely associated with degree of functional impairment [28] . The change in ABI was calculated as subtracting baseline ABI from the ABI after revascularization.
Statistical Analyses
The Kolmogorov-Smirnov test was used for the evaluation of variable distribution. Normally distributed data are presented as mean ± standard deviation, and not normally distributed data are expressed as median (inter quartile range). Categorical variables are presented as percentages or numbers. Comparisons of all measurements were made with paired t-tests and Wilcoxon signed-rank test for continuous variables and chi-squared and Fischer's exact tests for categorical variables. The independent Student's t-test was used to determine the difference in normally distributed data, and the Mann-Whitney U test was used for comparison of medians for not normally distributed variables. Comparison of patient-reported symptoms between responders and non-responders based on changes in ABI was analyzed with the use of independent t-tests. Correlations were made with the Pearson correlation test. All p-values were two-sided, and a probability value of p < 0.05 was considered a significant difference. Statistical analysis was performed using SPSS version 21.0 for Windows (SPSS Inc., Chicago, IL, USA).
Conclusions
Our data suggest that patient-reported improvement in PAD symptoms following lower extremity revascularization is associated with, but distinct from, post-revascularization improvements in the ABI. Although patients with a post-surgical increase in ABI >0.15 showed a greater improvement in symptoms than those with ABI increases <0.15, patients who had a poor hemodynamic response to revascularization also reported important improvements in their health status. Thus revascularization can offer symptomatic relief independent of significant increases in ABI. Use of quality of life measurement tools such as the PAQ is likely to be beneficial in assessing the outcomes in PAD patients after revascularization.
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